
JOURNAL OF CLINICAL MICROBIOLOGY, Jan. 2005, p. 458–461 Vol. 43, No. 1
0095-1137/05/$08.00�0 doi:10.1128/JCM.43.1.458–461.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Clonal Diversity of Metallo-�-Lactamase-Possessing Pseudomonas
aeruginosa in Geographically Diverse Regions of Japan

Soichiro Kimura,1 Jimena Alba,1 Katsuaki Shiroto,1 Reiko Sano,2 Yoshihito Niki,3
Shigefumi Maesaki,4 Koji Akizawa,5 Mitsuo Kaku,6 Yuji Watanuki,7

Yoshikazu Ishii,1* and Keizo Yamaguchi1

Department of Microbiology, Toho University School of Medicine, Tokyo1; Nara Medical University, Nara2;
Kawasaki Medical School, Okayama3; Saitama Medical School, Saitama4; Hokkaido University Hospital,

Sapporo5; Tohoku University Graduate School of Medicine, Miyagi6; and Kanagawa Cardiovascular
and Respiratory Diseases Center, Kanagawa,7 Japan

Received 24 March 2004/Returned for modification 30 April 2004/Accepted 1 June 2004

The aim of this study was to determine the distribution of metallo-�-lactamase-producing Pseudomonas
aeruginosa in Japan and to investigate the molecular characteristics of resistance gene cassettes including the
gene encoding this enzyme. A total of 594 nonduplicate strains of P. aeruginosa isolated from 60 hospitals
throughout Japan in 2002 were evaluated. This study indicated that although the prevalence of imipenem-
resistant P. aeruginosa has not increased compared to that found in previous studies, clonal distribution of the
same strain across Japan is evident.

Class A, B, and D �-lactamases, as defined by Ambler et al.,
can hydrolyze carbapenems (1, 9). In particular, class B �-lac-
tamases, termed metallo-�-lactamases, are an increasingly se-
rious clinical problem because they have a very broad substrate
profile that includes penicillins, expanded-spectrum cephalo-
sporins, and carbapenems and excludes only monobactams,
such as aztreonam. It has been reported that IMP-1 metallo-
�-lactamase-producing Serratia marcescens was first isolated in
Japan in 1991 (10). Recently, metallo-�-lactamase-producing
Pseudomonas aeruginosa and S. marcescens probably have the
highest incidence of isolation in Japan (7).

Most metallo-�-lactamase genes are located on integrons,
which are genetic elements containing gene cassettes that can
facilitate their spread and mobilize the genes to other inte-
grons or to other sites. The gene cassettes often encode clini-
cally important antibiotic resistance genes, including those en-
coding �-lactamases such as extended-spectrum �-lactamases
and carbapenemases, and also aminoglycoside-modifying en-
zymes (12).

Little is known about the distribution of the clone(s) that
produces metallo-�-lactamases in Japan. Therefore, we con-
ducted a surveillance study covering a wide geographic area
with the aim of determining the distribution of metallo-�-
lactamase producers in Japan and to investigate the molecular
characteristics of the resistance gene cassettes that included
the gene encoding a metallo-�-lactamase.

A total of 594 nonduplicate strains of P. aeruginosa isolated
from 60 hospitals throughout Japan in the year 2002 were
evaluated. The susceptibility of P. aeruginosa to several antibi-
otics was measured with the Etest strip, and the strains were
stored on Casitone medium (Eiken Chemical Co. Ltd., Tokyo,
Japan) (data not shown). After 6 months, the antibiotic sus-

ceptibility of these isolates was reassessed by the National
Committee for Clinical Laboratory Standards broth microdi-
lution method with cation-adjusted Mueller-Hinton broth
(Difco, Detroit, Mich.). The isolates were screened for the
presence of metallo-�-lactamase by a double-disk synergy test
reported by Arakawa et al. (2). Integron analysis was per-
formed by PCR mapping (5�-conserved segment intI to 3�-
conserved segment qacE�1) of the typical antibiotic resistance
genes and integron with specific primer sets (Table 1). The
specificity of the primer sets for blaIMP-1-like and blaVIM-2-like
gene was confirmed with positive-control strains producing
IMP-1 or VIM-2 metallo-�-lactamase. The specificity of am-
plicons obtained by specific primer sets (aacA4, aadA1, aadA2,
and blaOXA-2) was also partially verified with the automatic
sequencer ABI Prism 310 genetic analyzer (Applied Biosys-
tems/Perkin-Elmer Biosystems). PCR with Ex Taq polymerase
(Takara Bio, Inc., Tokyo, Japan) were carried out by standard
methodology (13). pulsed-field gel electrophoresis analysis was
performed by a modified method of the standard protocol (6).
The restriction enzyme used was SpeI (15). By use of the
dendrogram, isolates with a genetic relatedness of �80% were
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FIG. 1. Antimicrobial susceptibilities of imipenem-nonsusceptible
P. aeruginosa isolates.

458



considered to represent the same pulsed-field gel electro-
phoresis type (4).

Eighty-eight (15%) of 594 isolates were not susceptible
(MIC � 8 mg/ml) to imipenem. Among 88 isolates, 88 (100%),
21 (24%), 41 (47%), 12 (14%), and 42 (48%) were not sus-
ceptible to imipenem, ceftazidime, meropenem, amikacin, and
levofloxacin, respectively (Fig. 1). Screening of metallo-�-lac-
tamase producers was carried out for these isolates by the
double-disk synergy test. Eleven (1.9%) of 594 isolates were
found to produce metallo-�-lactamase. Ten of these isolates
were IMP-1-like, and the other was a VIM-2-like metallo-�-
lactamase producer.

The type of metallo-�-lactamase gene was also confirmed by
PCR. The genetic relatedness of these isolates was also eval-
uated by pulsed-field gel electrophoresis as described above
(Fig. 2, Table 2). Strains TUM1683, TUM1708, TUM1709,
TUM1710, and TUM1732 had related electrophoresis chro-
mosomal DNA banding patterns, whereas other strains
(TUM1672, TUM1673, TUM1682, TUM1721, TUM1733,

and TUM1757) showed different banding patterns. Strain
TUM1708, TUM1709, and TUM1710 were isolated from same
hospital, suggesting nosocomial spread. Interestingly, although
strains TUM1683, TUM1708 (or TUM1709 and TUM1710),
and TUM1732 has been isolated in different hospitals, Ka-
wasaki, Saitama, and Nara, respectively, these isolates had
related patterns. Since the distance from Okayama to Saitama
and from Saitama to Nara is about 800 and 400 km, respec-
tively, the results observed suggested clonal spread of metallo-
�-lactamase-producing strains.

Several researchers have reported an incidence of metallo-
�-lactamase-producing P. aeruginosa of between 0.4 and 1.3%
in Japan from 1992 to 2002 (5, 7, 14, 16). In this study, we iso-
lated 1.9% metallo-�-lactamase-producing P. aeruginosa strains
from geographically diverse regions in Japan. We suggest that
the incidence of metallo-�-lactamase-possessing P. aeruginosa
has not increased during the past decade. However, the same
clone of metallo-�-lactamase-carrying P. aeruginosa has now
spread throughout Japan.

FIG. 2. Pulsed-field gel electrophoresis profiles obtained with SpeI chromosomal digestion of metallo-�-lactamase-carrying P. aeruginosa. The
second through sixth lanes contained related strains TUM1683, TUM1709, TUM1708, TUM1732, and TUM1710, respectively. Lanes first and
seventh to eleventh lanes contained unrelated strains TUM1757, TUM1682, TUM1721, TUM1733, TUM1673, and TUM1672, respectively.

TABLE 1. Nucleotide sequences of PCR primers used in this study

Genea Primer sequence (5� to 3�) Tm (°C) Reference

intA(S) ATC ATC GTC GTA GAG ACG TCG G 67.4 11
intB(AS) GTC AAG GTT CTG GAC CAG TTG C 66.9 11
blaIMP-1(S) CTA CCG CAG CAG AGT CTT TG 62.7 This study
blaIMP-1(AS) AAC CAG TTT TGC CTT ACC AT 59.9 This study
blaVIM-2(S) AAA GTT ATG CCG CAC TCA CC 63.9 This study
blaVIM-2(AS) TGC AAC TTC ATG TTA TGC CG 64.5 This study
aacA4(S) GAC CTT GCG ATG CTC TAT GAG TGG CTA AAT 73.0 This study
aacA4(AS) TTC GCT CGA ATG CCT GGC GTG TT 76.9 This study
aadA1(S) TGA TCG CCG AAG TAT CGA CTC 66.3 This study
aadA1(AS) CCT TGG TGA TCT CGC CTT TC 65.8 This study
aadA2(S) TTC GAA CCA ACT ATC AGA GGT GCT AA 67.4 This study
aadA2(AS) AAA GCG AAT AAA TTC TTC CAA GTG ATC T 66.4 This study
blaOXA-2(S) CAA TCC GAA TCT TCG CGA TAC TT 66.9 This study
blaOXA-2(AS) AAG TAT CGC GAA GAT TCG GAT TG 66.9 This study
qacE�1 CTC TCT AGA TTT TAA TGC GGA TG 60.6 This study

a (S), sense; (AS), antisense.
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It has been reported that genetic analysis of blaIMP-1 re-
vealed features typical of an integron-located gene (9). The
detection of a type 1 integron was confirmed in 11 strains. In
these strains, blaIMP-1-like or blaVIM-2-like genes were located
immediately downstream of the IntI1 integrase gene. However,
these isolates possessed a variety of gene cassettes, such as the
aacA4 aminoglycoside 6�-N-acetyltransferase gene and aadA1
and aadA2 aminoglycoside adenyltransferase genes between
the metallo-�-lactamase gene and qac�E1. Therefore, these
isolates are likely resistant not only to �-lactams but also to
aminoglycosides. Interestingly, strain TUM1721 possessed not
only the blaIMP-1-like genes aacA4 and aadA1 but also an
OXA-type �-lactamase gene on the integron gene cassette.

Little is known about optimal chemotherapy for infection
due to metallo-�-lactamase-producing P. aeruginosa. To detail
the antibiotic susceptibility of P. aeruginosa possessing a me-
tallo-�-lactamase, the MICs of several antibiotics were evalu-
ated (Table 2). All of the isolates were resistant to ceftazidime,
meropenem, and levofloxacin. Ten of the 11 were resistant to
imipenem and netilmicin, nine were resistant to aztreonam,
and eight were not susceptible to amikacin. Bellais et al. re-
ported that chemotherapy with high aztreonam doses effec-
tively reduced viable cells of a metallo-�-lactamase-producing
strain of P. aeruginosa in a rat pneumonia model (3). In gen-
eral, although metallo-�-lactamases do not hydrolyze aztreo-
nam, 9 of 11 isolates were resistant to aztreonam in this study
(MIC � 32 �g/ml). On the other hand, arbekacin was found to
suppress the growth of some isolates in this study. In Japan,
arbekacin, which has fewer side effects than vancomycin, has
been used against methicillin-resistant Staphylococcus aureus
(8). Recently, arbekacin-resistant P. aeruginosa possessing the
16S rRNA methylase gene rmtA was isolated in Japan (17).
However, the incidence of these isolates is still low (0.8%, 9 of
1,113 clinical isolates). Therefore, arbekacin could be used as
treatment against metallo-�-lactamase-possessing P. aeruginosa.

In conclusion, this study indicates that although the preva-
lence of metallo-�-lactamase-producing P. aeruginosa has not
increased, this pathogen has spread from a single source to a
wide geographic area of Japan. Further surveillance and mon-
itoring of multidrug-resistant P. aeruginosa should be a high
priority.
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TABLE 2. Characteristics of blaIMP-containing non-imipenem-susceptible P. aeruginosa isolates

Strain Hospital
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TUM1672 1 Urine VIM-2-like A I 64 �128 �128 16 32 0.06 0.5 0.5 8 0.06
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a CAZ, ceftazidime; IPM, imipenem; MEM, meropenem; LVX, levofloxacin; AZT, aztreonam; AMK, amikacin; NET, netilmicin; GEN, gentamicin; KAN, kana-
mycin; ABK, arbekacin.
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